The stability of black marlin and jack mackerel myosins and their fragments to high hydrostatic pressure (100, 200, 300, 400, and 500 MPa) was examined by means of a solubility test, CD measure ment, and changes in fluorescence intensity. The solubility of both myosins decreased with the hydrostatic pressure-treatment above 300 MPa. There was a marked decrease in the solubility of S-1, es pecially in the presence of 0.05 M KCl, though the solubility of rod did not alter. The results of CD mea surements showed a slight decrease in the helical content of myosins and S-1s. From the data of binding of ANS (8-anilino-l-naphthalene sulfonate), it was indicated that by pressure treatment the fluores cence intensities of myosins and S-l s increased rapidly. By the changes of tryptophan fluorescence inten sity the pressure-treated S-ls in 0.05 M KCl showed rapidly decreasing curves. The pressure-stability of S-is in 0.05 M KCl was very inferior to that of S-1s in 0.6 M KCl.
Protein gelling is an important function which is re quired for the quality of surimi-based products such as kamaboko. It has been observed that fish muscle protein paste easily forms a gel upon application of high hydrostat ic pressure.1,2) Denaturation is often considered as a prere quisite to gel formation, as has been suggested by Ferry.3) It is now widely accepted that conformational changes of protein by pressure take place depending strongly on the volume effect through hydration. Based on the gelation mechanism by pressure, it appears that fish muscle pro teins are very sensitive to pressure. Recently, the relation ship between a fish living environment and pressure-stabil ity of protein has attracted special interest. By applying the high hydrostatic pressure the study on pressure-stabil ity of fish muscle proteins has been performed.4) There may be differences in pressure-sensitivity of fish muscle proteins among fish species.
Myosin is the major protein in fish myofibrils, and plays an important role in the kamaboko processing. The objec tive of this study was to examine pressure-stability of myo sin and its fragments. Results and Discussion Figure 2 shows the solubility of black marlin and jack mackerel myosins, S-1s, and rods after exposure to and release of hydrostatic pressure. The solubility of both myo sins after pressurization did not change up to 200 MPa for 10 min, but it slightly decreased from 300 MPa to 500 MPa. Recently, Yamamoto et al. studied physicochemical changes in rabbit myosin induced by hydrostatic pres sure.11) They showed that irreversible aggregation of myosin molecules at pH 7.0, expressed by turbidity, was observed at the range of 300-500 MPa. Our results obtained in Fig.  2 are in agreement with theirs. Therefore, the decreasing solubility suggests that fish myosin molecules irreversibly associated to form aggregates after exposure to and release of high hydrostatic pressure. Yamamoto et al. also showed, using transmission electron microscopy, that the pressure-induced oligomers were only formed through head-to-head interaction, neither head-to-tail nor tail-to tail interaction being observed.11) To clarify this sugges tion, we examined which fish myosin fragment was related to the decrease in solubility of myosin molecule. The solu bility of rods did not decrease all over the pressurization up to 500 MPa, whereas in the presence of 0.05 M KCl, both the S-Is exhibited a marked decrease of solubility upon application of high pressurization (Fig. 2) . From the results in Fig. 2 , it was suggested that the changes in solu bility of fish myosin molecules depend on those of S-1 por tion. However, the degree of decrease in the solubility of S-Is in 0.6 M KCl was lower than that of 0.05 M KCI-S-1s. In general, it has been considered that the volume change induced by application of high pressure leads to a confor mational change of protein. It is not clear from the results of this experiment but it seems that there may be apprecia ble differences in hydration properties between S-1 in 0.6 M KCl and that in 0.05 M KCl. In case of S-1 in 0.6 M KCl, the pressure-stability of black marlin S-1 was higher than that of jack mackerel S-1. Further study regarding pres sure-stability of fish S-ls will be necessary. In Fig. 3 , the changes in a-helix content of black marlin and jack mackerel myosins, S-is, and rods due to pressuri zation are given. The a-helix content of pressurized myo sins and S-Is gradually decreased up to 300 MPa. However, the a-helix content of rods estimated to be 95% was not affected by pressurization up to 500 MPa. It ap peared that though the values for a-helix content of myo sin and S-1s were low, there were considerable changes in a-helix content due to pressurization. These suggest that unfolding of the polypeptide chain occurs mostly in the S i portion of myosin molecule and not in the rod portion. These are also identical to the results of Yamamoto et al.11) 1 They also reported that pressure-induced morphological changes in rabbit myosin molecules are similar to that in duced on heating 11,12) It is, however, considered to cause the entanglement between the tail portions due to a helix coil transition in the case of heating. As in Fig. 3 , a helix structure in the rod was remaining even after pressuriza tion up to 500 MPa. This indicates that pressure denatura tion is not always the same as thermal denaturation. From the fact that the pressure-stability of protein is given by en thalpy through volume effect, it is suggested that S-1s, espe cially in 0.05 M KCl were readily susceptible to change the differential volume by pressurization.
Since both hydrophilic and hydrophobic groups of protein surface act like an active substance, it can be considered that hydrophobic hydration also plays an important role in the pressure-stability .In Fig. 4 , the changes in the surface hydrophobicity of black marlin and jack mackerel myosins, S-1s, and rods after pressurization as evidenced by an increase in fluores- cence intensity by ANS are shown. The fluorescence inten sity of black marlin and jack mackerel myosins after pressurization from 100 MPa to 500 MPa caused a two three fold increase. It appeared that an unfolding of pro tein with more hydrophobic alterations occurred upon ap plication of high pressure. Though there was no apprecia ble change in the fluorescence intensity of rods due to pres surization, the fluorescence intensity of myosins and S-Is exhibited a marked increase. This indicates that the changes in the solubility of fish myosins as described in Fig. 2 are caused by the increase in the surface hydropho bicity of the S-1 portion, at least. However, the degree of the increase in fluorescence intensity of S-ls in the presence of 0.6 M KCl was slightly lower than that of S-Is in 0.05 M KCl. The variation in fluorescence intensity of S -1 s was quite similar to that of solubility obtained from Fig. 2 . The pressure-effect for hydrophobicity as shown by the protein-ANS fluorescence may be due mainly to an un folding induced by an differential volume between hydra tion compressibility and solvent one.
The changes in the tryptophan fluorescence intensity of black marlin and jack mackerel myosins, S-ls, and rods af ter pressurization are shown in Fig. 5 . The tryptophan fluorescence intensity of both myosins was not influenced peared that the pressure-stability of S-1s in 0.05 M KCl was very inferior to that in 0.6 M KCl. Since it was pointed out that there are certain relationships between fish living en vironment and pressure-stability of myofibrillar proteins," it will be necessary to obtain information about the differ ence in pressure-stability of S-1 among species.
